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0 High power density evaporatively cooled ion exchange membrane fuel cell. 



@ A method of evaporatively cooling an ion ex- 
change membrane electrolyte fuel cell is disclosed. 
Liquid water mist 3 is introduced into the anode 6. A 
desiccant material 8 directs the liquid water mist 3 to 
the Ion exchange membrane 12. Evaporation of a 
portion of both the product water and the supplied 
liquid water cools the cell and eliminates the need 
for a separate cooling chamber, resulting in a cell 
with high packing density, high current density capa- 
bility and a large power to weight ratio. 
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High Power Density Evaporatively Cooled Ion Exchiange Membrane Fuel Ceil 



This invention relates to electrochemical fuel 
cells, particularly ion exchange membrane fuel 
cells, and more particularly, to a method of cooling 
such fuel cells. 

Fuel cells within which oxygen and hydrogen 
gas are used to produce electrical current are well 
known in the art. Typically, an ion exchange mem- 
brane fuel cell stack is comprised of a plurality of 
individual fuel cells, each fuel cell including an 
anode, a cathode and an Ion exchange membrane. 
The ion exchange membrane must be kept wet 
and there is always water present In a healthy ion 
exchange membrane. 

Generally, electricity is generated in an ion 
exchange membrane fuel cell by a known mecha- 
nism. A fuel such as hydrogen gas is injected into 
the anode. The anode typically comprises platinum 
bound with fluorocarbon or a substrate on which is 
placed a catalyst, typically platinum. The amount of 
catalyst can vary and efforts have been made to 
reduce the amount of catalyst needed by adding a 
filler or ion exchange membrane material into the 
anode thereby having more of the generally expen- 
sive catalyst located near ion exchange membrane 
material and attempting thereby to maintain fuel 
cell efficiency while reducing the cost. In any 
event, in a typical cell, the catalyst located on the 
surface of the ion exchange membrane within the 
anode ionizes the fuel to form ions and free elec- 
trons. The free electrons pass via a suitable means 
to one terminal of the fuel cell with the other 
terminal being connected to the cathode electrode 
from which free electrons are supplied to reduce 
an oxidant, for example, oxygen gas. The ions pass 
through the ion exchange membrane to the cath- 
ode located on the opposite surface of the ion 
exchange membrane. The ions are solvated so with 
each ion several water molecules are also trans- 
ported. Such water transport is referred to as elec- 
troosmosis or protonic pumping. The ions upon 
reaching the cathode electrode react with the ox- 
idant which has been supplied to the cathode to 
form a liquid, typically water, on the surface of the 
cathode. This liquid can cause a problem of mask- 
ing the oxidant's ability to contact the cathode 
catalyst thereby reducing the efficiency of the cell 
operation. This condition is referred to as flooding. 
To prevent such flooding, wet proofing is typically 
used in relationship with the cathode. 

Unfortunately, not only electricity and product 
water are generated during this process but also 
heat The heat is produced primarily at the cathode 
when the hydrogen ions and the oxygen combine. 
Some of this heat (about one third or less) can be 
removed by evaporation of this product water, but 



the remaining heat must be removed by other 
means. 

The waste heat generated must be removed to 
allow a continuously operational fuel ceil. For this 

5 reason, a traditional ion exchange membrane fuel 
cell has an added third compartment for cooling. 
The cooling chamber is typically a passage 
through which a coolant flows to effect tieat transfer 
from the rest of the cell to the coolant. However, 

10 when the cooling chamber is added, the fuel cell 
displays a significantly lower packing density capa- 
bility. This packing density is important for applica- 
tions requiring low weight and low volume. 

Accordingly, there remains a continuing need 

75 in the art for a fuel cell which exhibits high packing 
density without overheating. 

A method of evaporatively cooling a fuel cell is 
disclosed wherein the cell exhibits high packing 
density by eliminating the need for a separate 

20 cooling chamber. The method provides for sup- 
plying a controlled amount of liquid water as a mist 
to the anode. To help control the amount of liquid 
water introduced into the anode, hydrogen fuel 
may optionally be recirculated. A desiccant ma- 

25 terial in the anode discourages local area flooding 
and transports the liquid water mist through the 
anode to the ion exchange membrane. Evaporation 
of a portion of the water formed in the cathode, 
both the supplied liquid water and the product 

30 water, cools the fuel cell without the need for a 
separate cooling chamber. 

The fuel cell comprising aspirator means, an 
anode with a desiccant material throughout the 
anode to transport water mist, an ion exchange 

35 membrane, a cathode and wet proofing means 
wherein the fuel cell is cooled by evaporation of 
water from the cathode is also disclosed. 

Other features and advantages of the present 
invention will become apparent in light of the fol- 

40 lowing description thereof. 



Brief Description of the Drawing 

45 The drawing is a diagrammatic representation 
of an evaporatively cooled fuel cell. 

One embodiment of the fuel cell of the present 
invention 100 is shown in the drawing (not to 
scale). The ion exchange membrane 12. the cath- 

50 ode 14 and the electrically conductive wet proofing 
16 are conventional. In the pictured embodiment, 
liquid water is introduced through the water inlet 2 
and then formed into a fine liquid water mist 3 by 
aspirator means 4. The liquid water mist 3 is intro- 
duced onto the anode 6 and directed to the ion 
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exchange membrane 12 by the desiccant 8 (in 
powdered form) which has been applied to the 
catalyst 10. All of the water in the cathode 14, 
including the liquid water mist 3 which has been 
transported through the ion exchange membrane 
12 and the product water formed at the cathode 14, 
is available to be evaporated and is shown In the 
drawing as excess liquid water 15 and evaporated 
water 17. Electrically conductive wet proofing 16 
discourages water buildup on the cathode elec- 
trode surface. Both excess liquid water 15 and 
evaporated water 1 7 may be removed from the fuel 
cell 100 by the blowing air or oxygen gas reactant 
entering through inlet 18. 

Liquid water may be supplied by any conven- 
tional methods or techniques. The water must be 
supplied in the liquid phase rather than the vapor 
phase because without a phase change no heat will 
be lost from the system and the evaporation of the 
water will not cool the cell. The amount of liquid 
water introduced is critical to the invention because 
the cell will protonically pump up to only about 
seven times the number of water molecules per 
hydrogen atom (i.e., 2H+ protons). Therefore, the 
amount of water introduced into the system must 
be controlled to effect cooling of the fuel cell and 
yet prevent flooding of the anode. 

The amount of liquid water can be controlled in 
a variety of ways. For example, a simple valve 
could be used or the aspirator means could control 
the amount of liquid water introduced as well as 
aspirating the water. Additionally, a modest recir- 
culation of the fuel is possible. This recirculation 
will help control the introduction rate by improved 
distribution of the mist over the entire anode sur- 
face area. 

The amount of liquid water which is required to 
be introduced into the anode to effect the cell 
cooling depends upon the efficiency at which the 
cell is running. By the efficiency it is meant the 
ratio of the electrical power produced to the higher 
heating value of the hydrogen fuel. The lower the 
efficiency of the fuel cell, the more waste heat 
generated, and therefore, the greater the amount of 
liquid water which must be introduced in order to 
cool the fuel cell. For example, running a ceil at 
about 50% efficiency requires the introduction of 
an amount of liquid water equal to about two and a 
half times the amount of product water formed, 
whereas, running the cell at 30% efficiency re- 
quires introducing almost four times the amount of 
product water formed. Typically, the amount of 
water introduced into the anode will be greater than 
two times, but less than seven times the product 
water production rate. 

The aspirator can be any means which will 
form small droplets of water from supplied liquid 
water. The mist may be introduced into the anode 



directly or it may be introduced into the anode 
indirectly by first injecting the nhist into the fuel 
stream. Preferably, the aspirator means will also 
function to control the critical amount of liquid 

5 water entering the anode, although other means for 
controlling the amount of liquid water could be 
used instead of the aspirator. The liquid water is 
introduced into the anode in mist form rather than 
in a stream to give better distribution of the water 

70 in the anode, thereby helping to prevent local area 
flooding. Additionally, the mist is beneficial be- 
cause the ion exchange membrane water gradient 
can be essentially eliminated. The water gradient is 
due to the electroosmosis with a slower back ml- 

75 gration rate of the water molecules in the ion ex- 
change membrane, leaving the anode side of the 
ion exchange membrane drier than the cathode 
side of the ion exchange membrane. Because a 
drier ion exchange membrane has more internal 

20 resistance, eliminating the water gradient will iead 
to increased current density capability and further 
increases in power density. The Sonotek Corpora- 
tion produces an ultrasonic nozzle which appears 
to be useful as an aspirator in this invention. The 

25 nozzle creates a very fine mist. In the practice of 
this invention, the finer the mist the better to dis- 
courage water flooding. 

The desiccant material can be any material 
which will transport the liquid water mist from the 

30 surface of the anode to the Ion exchange mem- 
brane and help prevent local area flooding. The 
desiccant material is preferably made of a material 
similar to the material of which an ion exchange 
membrane is made. For example, a material pro- 

35 duced by E.I. Dupont DeNemours Company and 
marketed under the trademark Nation® would func- 
tion well as a desiccant. The desiccant material can 
be applied either in liquid or powdered form. It is 
preferred that the desiccant used should not con- 

40 taminate the membrane or there will be decreases 
in cell performance. 

The amount of desiccant should be selected so 
as to maximize liquid water transport while mini- 
mizing interference with electron transport. Typi- 

45 cally, the amount of desiccant material used is 
about 5 percent to about 50 percent of the catalyst. 

The desiccant material can be applied to the 
anode in any way that allows transport of the liquid 
water mist to the Ion exchange membrane surface. 

50 Preferably, a thin film coating of the desiccant 
(liquified membrane) is brushed onto the catalyst 
and platinum cells in the anode compartment. Oth- 
er methods for placement of desiccant Into the 
anode are as powders mixed with the catalysts or 

55 as a liquid by a spray technique. 

The desiccant is important for two reasons: it 
transports the water from the anode to the ion 
exchange membrane and it helps prevent local 
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area flooding. The desiccant is hydrophilic and will 
absorb the liquid water mist. This water will quickly 
travel along the path of the desiccant and be de- 
posited on the ion exchange membrane surface. 
This provides an additional benefit of keeping the 
ion exchange membrane wet and increasing cur- 
rent density capability. The liquid water mist is 
carried through the ion exchange membrane by 
electroosmosis, reappears in the cathode and then 
passes through the wet proofing and at least a 
portion is evaporated. 

The second important reason for the desiccant 
is to help prevent local area flooding. Flooding of 
the anode as a whole, is prevented by controlling 
the amount of water introduced into the anode. 
However, even with controlling the total amount of 
water introduced into the anode certain local areas 
would probably be flooded because of inconsistent 
distribution of the liquid water within the anode. 
This distribution is helped by both aspirating the 
liquid water into a mist and then having the des- 
iccant material immediately absorbing and trans- 
porting the liquid water mist, thereby discouraging 
local area flooding. 

The ion exchange membrane is a conventional 
electrolyte. NafionTM ion exchange membrane sup- 
plied by the E.I. DuPont DeNemours Company can 
be used in the invention as well as other mem- 
branes such as those made by Dow Chemical 
Corporation. It is not necessary that the ion ex- 
change membrane be made of the same material 
as that of the desiccant, however, the ion exchange 
membrane should be the sole electrolyte. Using 
other electrolytes such as a liquid acid electrolyte 
in this invention is not desirable because the acid 
concentration would be difficult to maintain be- 
cause of the added water. Also, with liquid acid 
electrolyte maintenance of an evaporation rate 
which is similar to the sum of the product water 
rate and the introduction rate of water would be 
necessary. The present invention overcomes these 
problems using an ion exchange membrane elec- 
trolyte; therefore, only the introduction rate of the 
supplied liquid water must be controlled. 

The cathode electrode of the fuel cell can be 
entirely conventional for these ion exchange fuel 
cells. Typically, these cathodes include a catalyst 
dispursed on a substrate. A most common cathode 
is formed of a platinum catalyst and a fluorocarbon 
substrate. Conventional wet proofing is also desir- 
able to allow the oxygen access to the cathode 
without having to permeate water that has built up 
on the cathode surface. 

The cell could be used anywhere that a large, 
very efficient power to weight ratio is required or 
desired. For example, it could be used in such 
devices as spacecraft, submarines or ground ve- 
hicles. Evaporation is the most effective way of 



heat removal. The main advantage in using this 
type of fuel ceil, is that it removes heat effectively. 
Because of the evaporative cooling of the fuel cell, 
the number of chambers in the fuel cell is reduced 

5 from three chambers to two chambers. The elimi- 
nation of the cooling chamber creates a fuel cell 
which can be packed more efficiently. The high 
packing density results in a stack which produces a 
great amount of power for its size. 

10 It should be understood that the invention is 

not limited to any particular embodiment snown 
and described herein, but that various changes and 
modifications may be made without departing from 
the spirit and scope of this novel concept as de- 

75 fined by the following claims. 



Claims 

20 1. A fuel cell comprising an anode containing a 

catalyst, an ion exchange membrane electrolyte, a 
cathode and wet proofing means wherein the im- 
provement comprises: 

a) aspirator means to form a liquid water 
25 mist from supplied liquid water: 

b) means for controlling the amount of liquid 
water supplied to the anode; and 

c) a desiccant material within the anode to 
transport the liquid water mist to the ion exchange 

30 membrane and to prevent local area flooding; 
wherein fuel cell cooling is effectuated by the evap- 
oration of sufficient liquid water from the cathode 
through the wet proofing means so as to eliminate 
the need for a separate cooling compartment. 

35 2. A fuel cell as claimed in claim 1 in which the 

amount of desiccant material within the anode is 
about 5% to about 50% of the catalyst. 

3. A fuel cell as claimed in claim 1 further 
comprising: means for recirculating hydrogen gas 

40 into the anode to help control the amount of liquid 
water supplied to the anode. 

4. A method of cooling a fuel cell comprising 
an anode containing a catalyst, an ion exchange 
membrane electrolyte, a cathode, and wet proofing 

45 means wherein the improvement comprises: 

a) forming a liquid water mist from supplied 
liquid water; 

b) controlling the amount of liquid water mist 
Introduced into the anode to prevent flooding of the 

50 anode; 

c) adding a desiccant material to the anode 
to prevent local area flooding and to transport the 
liquid water mist through the anode to the ion 
exchange membrane; and 

55 d) evaporating water formed in the cathode 

and passed through the wet proofing means so as 
to cool the fuel cell. 
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5. A method of cooling a fuel cell as claimed in 
claim 4 in which the amount of liquid water mist 
introduced into the anode is about two times the 
amount of product water formed to about seven 

' times the amount of product water formed. s 

6. A method of cooling a fuel cell as claimed In 
• claim 4 In which the amount of desiccant material 

added is about 5% to about 50% of the catalyst. 

7. A method of cooling a fuel cell as claimed in 
claim 4 further comprising: recirculating hydrogen ro 
fuel Into the anode to help control the amount of 
liquid water supplied to the anode. 

8. A method of increasing current directly ca- 
pabilities in a fuel cell having an anode, an ion 
exchange membrane electrolyte, a cathode and is 
wetproofing means comprising: 

a) supplying liquid water mist to the anode; 

b) controlling the amount of liquid water mist 
to prevent flooding of the anode; 

c) transporting the liquid water to the ion 20 
exchange membrane to essentially eliminate the 

Ion exchange membrane water gradient thereby 
lessening Internal resistance of the cell and In- 
creasing current density and power density capa- 
bilities. 25 
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@ High power density evaporatively cooled ion exchange membrane fuel cell. 

@ A method of evaporatively cooling an ion exchange 
membrane electrolyte fuel cell is disclosed. Liquid water mist 3 
is introduced into the anode 6. A desiccant material 8 directs 
the liquid water mist 3 to the ion exchange membrane 12. q-r 
Evaporation of a portion of both the product water and the •? :■ 

supplied liquid water cools the cell and eliminates the need for a 
separate cooling chamber, resulting in a cell with high packing 
density, high current density capability and a large power to 
weight ratio. 



N. 
1^ 



o 
u 




Bundesdruckerel Berlin 



J 



European Patent 

omce 



EUROPEAN SEARCH REPORT 



Application Number 



EP 88 30 6661 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 



Citation of document with indication, wliere appropriate, 
of relevant passages 



DE-A-3 321 984 (GENERAL ELECTRIC CO.) 

* Page 7, paragraph 3 - page 8, 
paragraph 1 * 

FR-A-1 280 174 (GENERAL ELECTRIC CO.) 

* Page 1, right-hand column, paragraphs 
3-4; page 3, left-hand column, 
paragraph 2 * 

US-A-4 032 694 (R.R. DUBIN et al.) 

* Claim 1; column 3, lines 7-10 * 

GB-A-1 163 149 (NEDERUNDSE 
ORGANISATIE VOOR TOEGEPAST - 
NATUURWETEN - SCHAPPELIJK ONDERZOEK TEN 
BEHOEVE VAN NIJVERHEID HANDEL EN 
VERKEER) 

* Page 3, lines 25-35,86-98 * 

FR-A-1 331 774 (COMPAGNIE FRANCAISE 
THOMSON-HOUSTON) 

* Page 1, right-hand column, last 
paragraph * 

US-A-3 483 036 (H.P. GREGOR) 

* Column 2, lines 31-63 * 



The present search report has been drawn up for all claims 



Place of search 



THE HAGUE 



Date of aimpletion of the search 

17-01-1989 



Relevant 
to claim 



8 



CLASSinCATION OF THE 
APPLICATION ant. CI.4) 



H 01 M 8/04 



TECHNICAL FIELDS 
SEARCHED ant C1.4) 



H 01 M 



Examiner 



D'HONDT J.W. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same categoiy 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



